Introduction {#S0001}
============

As dietary habits and lifestyle in Japan are now similar to those in Western countries, the prevalence of obesity among the adult population is approximately 30% and has increased nearly 1.5-fold over the last 30 years among men.[@CIT0001] Excessive fat accumulation induced by body weight gain is associated with a broad range of internal diseases, including cardiovascular disease, diabetes and nonalcoholic fatty liver disease.[@CIT0002],[@CIT0003] Muscle mass and strength decline caused by physical inactivity can also lead to musculoskeletal disorders, such as pain, and osteoarthritis, and physical performance decline.[@CIT0004]--[@CIT0006] Accordingly, it is widely accepted that a countermeasure for these conditions is necessary.

The benefits of exercise for obesity are well documented. Exercise guidelines for weight reduction and health promotion include aerobic exercise (AE) and resistance exercise (RE) as a part of the exercise prescription. RE has been recommended to ameliorate glucose tolerance and glycosylated hemoglobin, as well as muscle mass and strength.[@CIT0007] AE can improve several metabolic markers and cardiorespiratory capacity and decrease weight and fat mass.[@CIT0008] However, recent studies have reported that RE may also be beneficial in reducing fat mass and improving cardiorespiratory capacity and that AE has a positive effect on the maintenance of muscle mass and strength during weight reduction.[@CIT0009]--[@CIT0011] The discrepancy between existing reports is likely to lead to misunderstandings regarding the influences of AE and RE.

Based on this consideration, we comparatively investigated the influences of AE and RE on weight, body composition, blood markers and physical fitness in previously inactive men with obesity. In other words, we wished to explore whether RE or AE is more beneficial for the management of obesity-related conditions. For this question, we evaluated differences between the AE and RE groups in terms of changes in outcomes after a 12-week prospective, single-blinded randomized controlled trial (RCT).

Method {#S0002}
======

Experimental Design and Participants {#S0002-S2001}
------------------------------------

Study participants were recruited from April 1--16, 2014, from the community via advertisements in newspapers and distributed study flyers. The study participants satisfied the following criteria: (1) aged between 30 and 64 years, (2) body mass index (BMI) greater than 25 kg/m^2^, (3) not restricted from exercising by a doctor and (4) not engaged in frequent exercise (≤1 session per week and ≤30 min per session). Of the applicants, 47 individuals were enrolled according to the study criteria. After the pre-intervention assessment, which was held on the 3rd, 4th, 10th and 11th of May, 2014, 11 participants were excluded for the following reasons: 1 of them was younger than 30 years, 4 of them had inadequate BMIs, 3 of them did not participate in the assessment, 1 of them had surgery and 2 of them dropped out. We performed a prospective, single-blinded RCT for the present study. The 38 eligible participants were assigned to one of the two intervention groups at a 1:1 ratio by a computerized method (EXCEL 2010; Microsoft Corp, Redmond, USA) using block randomization with stratification for age and VO~2max~. A research assistant who had no interaction with the participants generated the random allocation sequence and enrolled the participants. During the 12-week intervention, which was conducted from the 27th of May to the 15th of August, 2014, and the post-intervention assessment, which was held on the 16th, 17th, 23rd, 24th of August, 2014, 6 participants from the AE group and 5 participants from the RE group were excluded for failure to participate in the assessment, dropping out, having missing data, etc. ([Figure 1](#F0001){ref-type="fig"}). Consequently, a total of 27 participants who remained in the present study after the post-intervention assessment (n = 14 in the RE group and n = 13 in the AE group) were included in the final analysis. The study purpose and design were adequately explained to every participant before they gave written informed consent. This study was approved by the Institutional Review Board of the University of Tsukuba Hospital (ID: H25--156) and conducted in accordance with the guidelines proposed in the Declaration of Helsinki. The authors established the study design, conducted the statistical analysis and wrote the manuscript. However, to exclude any influence on the study, the authors did not engage in the intervention and assessments. Experienced trainers supervised the intervention, and well-trained staff carried out the assessments.Figure 1Flow chart of the study subjects.

Exercise Protocol {#S0002-S2002}
-----------------

Both the AE and RE plans were designed to gradually increase the amount and intensity of exercise, and they were executed under the supervision of several experienced physical trainers at the University of Tsukuba. The RE program was performed for 3 days/week for 12 weeks. A one repetition maximum (1-RM) strength assessment was executed to adjust the load in resistance training machines, and approximately 50% of the 1-RM strength was adopted for the load. The exercise began with 20--30 min of warm-up and cool-down and was conducted on 6 RE machines (Techno Gym) for 60 min. The resistance program consisted of three sets of the following seven exercises: crunch, high lat pull down, seated row, chest press, leg press, leg extension and leg curl. Participants conducted 10--12 repetitions to failure for each set except crunch. Crunch was performed for approximately 15 repetitions with the participant's body weight. Participants were allowed 1--2 min of rest between each set. When the participants could easily perform the recommended repetitions, the load was increased. The amount of load lifted was adjusted according to the results of the monthly direct 1-RM strength test. Our trainers provided verbal encouragement to ensure that the participants performed to volitional fatigue. This RE protocol was designed on the basis of the ACSM 2009 position paper on progression models in resistance training for healthy adults.[@CIT0012] A 90-min AE program was held 3 days/week for 12 weeks. Each session began with 10--15 min of warm-up activities, such as stretching. This warm-up was followed by the main exercise, consisting of 60 min of jogging and running outdoors. On rainy days, indoor exercise using stationary cycling constituted the main exercise. Each session concluded with 10--15 min of cool-down exercises. The duration of AE increased gradually from 30 to 40 min per session for the first 4 weeks to 60 min per session at 5 weeks, which was then sustained for the rest of the period. Participants were encouraged to exercise at or near 65% to 85% of their maximum heart rate level. This AE protocol was used in the Tanaka laboratory for years, and the safety and validity were fully verified by several studies.[@CIT0013]--[@CIT0017] Heart rates were monitored by short-range telemetry (Polar RS400, Kempele, Finland). During the study period, every participant was asked not to conduct the trial-specific exercise activities outside of the exercise intervention. We also asked participants to not change anything regarding their lifestyle and diet for 12 weeks.

Daily Energy Intake {#S0002-S2003}
-------------------

Total energy intake (Kcal/d) and the intake amounts (g/d) of each nutrient (carbohydrate, protein and fat) were assessed before and after the 12-week intervention using a 3-day weighed dietary record method performed by a skilled dietitian.

Anthropometric Parameters and Body Composition {#S0002-S2004}
----------------------------------------------

Height was assessed to the nearest 0.1 cm using a wall-mounted stadiometer (YG-200; Yagami, Nagoya, Japan), and body weight was assessed to the nearest 0.1 kg using a digital scale in light clothing and without shoes (TBF-551; Tanita, Tokyo, Japan). BMI was calculated as weight (kg) divided by height (m) squared. Body composition, including lean mass, fat mass and percentage of fat mass, was assessed using dual-energy X-ray absorptiometry (DEXA; QDR 4500, Hologic Inc., Bedford, MA). To evaluate muscle mass, lean mass was adopted in this study.

Knee Extensor Strength {#S0002-S2005}
----------------------

Isokinetic knee extensor strength was assessed using a Biodex System 3 dynamometer (Biodex Medical Systems, Shirley, NY). We assessed isokinetic muscle strength at an angular velocity of 60°/s. For the isokinetic assessment of angular velocity at 60°/s, the participants executed 3 maximal extensions. The highest muscular force output at any moment during a repetition was defined as the peak torque, reported in absolute terms (N m). The amount of work accomplished for an entire set defined the total work and is reported as an absolute (W), while the average of total work divided by time defined the average power and is reported as an absolute (J). Every assessment was performed on each leg, and the average strength of both legs was calculated for lower-extremity muscle strength. This method has been previously described in detail.[@CIT0010],[@CIT0018],[@CIT0019]

Cardiorespiratory Capacity Assessment {#S0002-S2006}
-------------------------------------

The participants conducted a maximal graded exercise test using a cycling ergometer (828E; Monark, Stockholm, Sweden) to assess maximal oxygen uptake (VO~2max)~. We employed the criteria described by Tanaka et al to assess VO~2max~.[@CIT0020] After a 2-min warm-up at 15 W, the participants began the actual exercise protocol at the 30 W level. The workload was increased every 1 min by 15 W until volitional exhaustion. During the test, ventilation and expired gases were assessed using an open-circuit, computerized, indirect calorimeter (AE-310S, Minato Medical Science, Osaka, Japan), and heart rate was monitored using an electrocardiogram monitor (Dyna Scope, Fukuda Denshi, Tokyo, Japan).

1-RM Strength Assessment {#S0002-S2007}
------------------------

Participants in the RE group were asked to execute a 1-RM strength test. Following a learning phase, the participants conducted a warm-up at a relatively light load. The warm-up was followed by a gradually increasing load until they achieved the 1-RM strength within 5 attempts, with 1--2 min of recovery between sets. We performed the tests taking into consideration assisting the recovery and reducing the influence of fatigue. The tests were alternated between the upper and lower extremities.

Blood Markers {#S0002-S2008}
-------------

Blood samples were collected in the morning after an overnight (≥8 h) fast. Serum total cholesterol and triglycerides were determined by the enzymatic method; serum high-density lipoprotein (HDL) cholesterol by the heparin-manganese precipitation method; serum low-density lipoprotein (LDL) cholesterol by the method of Friedewald et al; fasting plasma glucose (FPG) by a glucose oxidase method; and aspartate aminotransferase (AST), alanine aminotransferase (ALT), and gamma-glutamyl transferase (γ-GTP) by the transferable method of the Japan Society of Clinical Chemistry. We calculated surrogate markers for insulin resistance (HOMA-IR). Latex agglutination was employed to measure hemoglobin (Hb) A1C.

Statistical Analysis {#S0002-S2009}
--------------------

Values are expressed as the means ± standard deviations or standard errors. To verify the normal distribution of the data, the Shapiro--Wilk test was performed. The unpaired *t*-test was employed to assess the statistical significance of between-group differences at baseline. The comparison of variables before and after the intervention program was conducted using the paired *t*-test. To compare the changes between groups, we applied a two-way, repeated-measures analysis of variance (ANOVA), adjusted for age. An analysis of covariance (ANCOVA) was also performed to investigate the between-group difference in changes of whole-body lean and fat mass and physical fitness, adjusted for age and body weight change. *P* \< 0.05 was considered to indicate statistical significance. Every statistical analysis was performed with SPSS software, version 21.0 (IBM Inc., Armonk, NY, USA).

Results {#S0003}
=======

[Table 1](#T0001){ref-type="table"} shows the baseline values and changes in energy intake for each group over the course of the exercise program. At baseline, no significant differences were found in the variables between the two groups. After the program, significant changes were not detected in any of the variables within each group. There were no significant interactions (*P* = 0.100--0.730) for any of the variables between the two groups.Table 1Changes in Energy Intake Between the Resistance (n = 14) and Aerobic (n = 13) GroupsVariablesGroupBeforeAfterChange*p* for Difference*p* for InteractionTotal energy intake, Kcal/dayRE2096.07±225.782039.16±402.21−56.92±351.860.560.803AE1987.91±323.821959.24±336.04−28.67±203.120.62Protein, g/dayRE82.50±16.8772.73±11.82−9.77±17.120.050.185AE73.14±12.6271.11±10.00−2.03±11.620.54Fat, g/dayRE67.56±12.6257.78±12.70−9.78±16.140.040.054AE62.02±16.9663.61±13.351.59±12.690.66Carbohydrate, g/dayRE251.13±44.01255.10±51.503.98±51.170.780.686AE267.90±60.12262.79±62.14−5.10±64.020.78[^1]

The baseline values and changes in anthropometric parameters and body composition for each group (adjusted for age) are presented in [Table 2](#T0002){ref-type="table"}. There were no significant differences between the two groups in any of the baseline measures. Significant changes were observed in body weight (−2.27%) and BMI (−2.33%) in the AE group, while RE did not induce significant changes in body weight (−0.16%) or BMI (−0.15%). Although body weight (−0.16%) was almost unchanged, lean mass (+2.06%) in the RE group was significantly increased. ANOVA revealed no significant interactions (*P* = 0.076--0.626) among any of the variables between the two groups except for lean mass (*P* = 0.003).Table 2Changes in Anthropometric Characteristics and Body Composition Between Resistance (n = 14) and Aerobic (n = 13) Group Adjusted for AgeVariablesGroupBeforeAfterChange*p* for Difference*p* for InteractionAge, yrRE51.79±8.22AE50.15±5.84Height, cmRE171.56±4.93AE171.90±4.90Weight, kgRE80.79±8.4380.66±7.66−0.14±1.640.760.083AE82.26±7.8780.39±7.63−1.87±3.07\< 0.05BMI, kg/m^2^RE27.39±1.8727.35±1.56−0.04±0.560.790.076AE27.85±2.6227.20±2.33−0.65±1.05\< 0.05Lean mass, kgRE60.91±6.8062.20±6.091.29±1.40\< 0.010.003AE62.63±5.4961.56±5.20−1.08±2.130.09Fat mass, kgRE20.40±3.2719.51±2.93−0.90±1.18\< 0.050.626AE20.02±4.8518.83±4.37−1.18±1.59\< 0.05% fat mass, %RE25.12±3.4723.86±2.74−1.26±1.37\< 0.010.393AE24.04±4.2123.26±3.98−0.78±1.420.07[^2]

[Table 3](#T0003){ref-type="table"} contains the baseline values and changes in physical fitness for each group, adjusted for age. At baseline, no significant differences were found in any of the variables between the two groups. After completing each exercise program, a significant increase in VO~2max~ was observed in both groups, but a significant interaction between the groups was not observed. For muscle strength variables, significant increases were detected in the RE group, while significant changes were not found in the AE group. There were significant interactions for all muscle strength variables between the two groups.Table 3Changes in Physical Fitness Between Resistance (n = 14) and Aerobic (n = 13) Group Adjusted for AgeVariablesGroupBeforeAfterChange*p* for Difference*p* for InteractionVO~2max~, mL/kg/minRE28.67±4.7132.01±3.773.34±4.44\< 0.050.306AE27.71±7.7332.99±5.285.28±4.13\< 0.01IKT60 PTQ, NmRE168.16±29.79182.30±26.2814.14±13.11\< 0.01\< 0.001AE181.02±28.69175.17±25.55−5.86±12.870.13IKT60 PTQ/Weight, Nm/kgRE2.08±0.282.27±0.270.18±0.14\< 0.010.006AE2.20±0.262.19±0.33−0.01±0.190.85IKT60 TW, JRE468.81±97.53520.36±80.2051.55±55.25\< 0.010.015AE502.16±84.97503.63±75.551.47±40.410.90IKT60 AP, WRE106.86±20.39117.89±21.5211.03±10.46\< 0.010.012AE112.79±19.03113.29±18.480.51±10.780.87[^3]

A comparison of the absolute value changes in body composition and physical fitness, adjusted for age and weight change is shown in [Figure 2](#F0002){ref-type="fig"}. A significant interaction between the groups was detected for lean mass and muscle strength-related variables (*P* = 0.002--0.018), while a significant interaction was not detected for fat mass (*P* = 0.613) or VO~2~max (*P* = 0.547) between the two groups.Figure 2Comparison of changes in body composition and physical fitness adjusted for age and weight changes in response to resistance (n = 14) and aerobic (n = 13) exercise.

[Table 4](#T0004){ref-type="table"} shows the baseline values and changes in blood markers for each group over the course of the exercise program, adjusted for age. No significant differences in any of the baseline measures were detected between the two groups. Among the nine metabolic and liver function markers, two liver function markers, ALT (−16.24%) and γ-GTP (−30.35%), in the RE group were significantly improved (*P* \< 0.05 for both), while none of the markers in the AE group were significantly improved. A significant interaction between the two groups was not observed for any blood markers (*P* = 0.055--0.947).Table 4Changes in Metabolic Markers and Liver Functions Between the Resistance (n = 14) and Aerobic (n = 13) GroupsVariablesGroupBeforeAfterChange*p* for Difference*p* for InteractionTotal cholesterol, mg/dlRE205.21±37.77201.43±44.88−3.79±22.980.550.947AE199.85±42.75195.15±37.83−4.69±11.940.18LDL cholesterol, mg/dlRE129.93±32.40124.71±39.58−5.21±23.430.420.618AE119.62±50.81117.46±41.22−2.15±17.030.66HDL cholesterol, mg/dlRE52.00±9.8152.14±10.170.14±6.970.940.640AE56.85±0.0957.92±13.481.08±5.270.48Triglycerides, mg/dlRE147.79±112.30136.93±77.97−10.86±50.140.430.886AE127.39±89.30120.31±99.20−7.08±66.470.71Fasting blood glucose, mg/dlRE99.29±11.30100.36±16.631.07±8.210.630.646AE98.08±13.6297.23±11.41−0.85±8.240.72HOMA-IRRE2.15±1.152.07±1.14−0.08±0.630.640.387AE2.24±1.161.88±0.81−0.35±0.840.15AST, U/LRE24.86±5.6823.79±4.71−1.07±6.340.540.762AE21.62±5.5521.15±5.13−0.46±3.860.67ALT, U/LRE31.21±8.8926.14±9.02−5.07±6.73\< 0.050.325AE26.00±11.8623.15±7.23−2.85±6.850.16**γ**-GTP, U/LRE56.71±46.0139.50±19.78−17.21±27.58\< 0.050.055AE49.92±30.9446.46±28.93−3.46±7.710.13[^4]

Discussion {#S0004}
==========

We performed a prospective, single-blinded RCT to comparatively investigate changes in physiological and physical fitness in previously inactive men with obesity in response to AE or RE. The main findings in this study were as follows: 1) RE led to decreased fat mass and improved cardiorespiratory capacity, as well as increases in lean mass and strength, without significant weight change. 2) Although AE induced decreases in fat mass and weight and improved cardiorespiratory capacity, lean mass and muscle strength remained unchanged. 3) RE showed a stronger positive influence than AE on lean mass and muscle strength, and RE and AE had a similar influence on weight, fat mass, cardiorespiratory capacity and blood markers. Based on these findings, it may be an efficient exercise regimen to perform RE first and then utilize AE to maintain the changes that occur in response to RE for previously inactive men with obesity.

It has long been recognized that AE causes body weight reduction, which cannot be expected through RE. In this study, AE led to significant weight reduction, while RE did not cause significant weight reduction. Considering that when individuals are exposed to a similar period of AE or RE, AE leads to greater energy expenditure than RE, this may be considered a natural consequence. However, there was not a significant interaction between the two groups, and the mere comparison of weight, consisting of muscle and fat mass, was not sufficient. If the muscle mass increase exceeds the fat mass decrease in response to engaging in exercise, body weight can increase. Accordingly, we should pay greater attention to body composition than weight.

It has been broadly accepted that RE has positive influences on muscle mass and strength, whereas AE does not;[@CIT0021] however, in recent years, reports in which AE has led to positive effects on the maintenance of muscle mass during intentional weight reduction have increased.[@CIT0009] Carolina et al[@CIT0022] reported that both AE and RE induced an increase in motor unit conduction velocity, showing electrophysiological adaption of the muscle fiber membrane properties in a similar direction. Given these reports, it appears that AE also positively influences muscle mass and strength; in this study, however, there were significant interactions between the groups with respect to lean mass for muscle mass and all of the muscle strength-related variables. In addition, after adjusting for age and weight change, changes in the absolute values caused by AE were significantly smaller than those derived from RE. These findings indicate that it is difficult to obtain similar increases in muscle mass and strength from AE and RE.

Studies on RE-related fat mass reduction have been inconsistent. Davidson et al[@CIT0023] and Olson et al[@CIT0024] detected no change in fat mass, whereas Williams et al[@CIT0025] and Donnelly et al[@CIT0026] reported that RE caused the fat mass reduction. The findings in this study were consistent with the latter reports. Fat mass was significantly decreased in both groups, and there was no significant interaction for fat mass between the groups after adjusting for age. The same result was detected between the groups after adjusting for age and weight change. After completing the RE program, fat mass was decreased without any change in body weight, and maintained weight was caused by increased lean mass. Recommendations from the American College of Sports Medicine[@CIT0026] suggest the following potential mechanism through which RE may cause fat mass loss: "though the energy expenditure related to RE is not great, RE induces an increase in muscle mass, and then increased muscle mass causes resting energy expenditure to increase." Based on this mechanism, it can be expected that executing RE for a long period leads to fat mass loss, as well as muscle mass and strength increases.

There is predominantly a negative view regarding the change of VO~2max~ in response to RE, as only a few existing studies have reported positive results. These studies showed that RE led to the improvement of VO~2max~ in young subjects whose VO~2max~ at baseline was lower than 40 mL/kg/min and old subjects whose VO~2max~ at baseline was lower than 25 mL/kg/min.[@CIT0027]--[@CIT0029] In this study, the initial VO~2max~ of middle-aged subjects in the RE program was 28.67 mL/kg/min, which was close to the VO~2max~ of old subjects in the previous study. Additionally, similar to the existing studies, subjects in this study showed significant VO~2max~ improvement in response to RE. Based on these findings, the effectiveness of RE on VO~2max~ is not deniable when subjects have a low VO~2max~; however, the exact mechanism for VO~2max~ improvement caused by RE is unclear. One possible mechanism is through the amelioration of arterial venous oxygen differences derived from an increase in capillary density, myoglobin concentration, muscle mitochondria content and enzyme activity.[@CIT0030]--[@CIT0032] In addition, it is also estimated that increases in muscle mass and blood flow to exercising muscles, which indicates amelioration in peripheral vascular resistance, also contributes to the improvement of VO~2max~.[@CIT0033],[@CIT0034]

For years, it has been widely accepted that changes in blood markers that indicate metabolic and liver functions are largely affected by the degree of fat mass and weight change. Based on the perception that AE is better than RE for decreasing fat mass and weight, it has been recognized that AE should be chosen for improving metabolic and liver functions rather than RE. Recently, however, studies that report different results are increasing. Bacchi et al reported that similar to AE, RE improves metabolic features and insulin sensitivity, and that RE and AE are equally effective in improving liver condition.[@CIT0035],[@CIT0036] Hallsworth et al also reported that RE ameliorated lipid oxidation, glucose control and insulin resistance without weight reduction.[@CIT0037] In fact, in this study, RE induced significant improvements in liver function markers such as ALT and γ-GTP without significant weight reduction. Additionally, almost all of the metabolic markers showed positive change after RE, though the differences were not significant. Based on these results, RE is also effective for improving metabolic and liver function. Concerning the mechanism of RE-induced metabolic amelioration, Bacchi et al reported that changes in VO~2max~ and trunk fat may be major determinants of exercise-induced metabolic improvement.[@CIT0036] With respect to liver function, Hallsworth et al reported that improved metabolic ﬂexibility and insulin sensitivity are the cause of liver function amelioration, regardless of weight reduction.[@CIT0037]

There are two limitations of this study. First, all of the subjects in this study were middle-aged Japanese men, and some factors, including age, sex and lifestyle, can influence changes in the studied variables in response to exercise. For this reason, a long-term prospective cohort study is required in the future. Second, we could not determine the exact mechanisms by which RE caused fat mass reduction, cardiorespiratory capacity improvement and blood marker amelioration. Thus, future avenues for research should include data on the mechanisms of these changes in response to RE.

In summary, RE led to decreased fat mass and improved cardiorespiratory capacity, as well as increases in lean mass and muscle strength, without significant weight change. Although AE induced decreases in fat mass and weight and improved cardiorespiratory capacity, lean mass and muscle strength remained unchanged. RE showed a stronger positive influence than AE on lean mass and muscle strength, and RE and AE had a similar influence on weight, fat mass, cardiorespiratory capacity and blood markers. Thus, these findings suggest that it may be an efficient exercise regimen to perform RE first and then utilize AE to maintain the changes that occur in response to RE for previously inactive men with obesity.
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[^1]: **Notes:** Values are means ± SD.

[^2]: **Notes:** Values are means ± SD.

    **Abbreviations:** BMI, body mass index; % fat mass, percentage of fat mass.

[^3]: **Notes:** Values are means ± SD.

    **Abbreviations:** VO~2max~, Maximal oxygen uptake; IKT60 PTQ, Isokinetic60 peak torque; IKT60 TW, Isokinetic60 total work; IKT60 AP, Isokinetic60 average power.

[^4]: **Notes:** Values are means ± SD.

    **Abbreviations:** LDL, low-density lipoprotein; HDL, high-density lipoprotein; AST, aspartate aminotransferase; ALT, alanine aminotransferase; γ-GTP, gamma-glutamyl transpeptidase.
